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To determine how well variation in median body size of avian assemblages is
predicted by (1) the environmental models usually employed in analyses of Bergmann’s
rule and (2) random sampling from the regional body size frequency distribution.
If body size frequency distributions of local assemblages represent a random sample
of a regional frequency distribution, then geographical variation in body sizes of
assemblages might be a consequence of the determinants of spatial variation in












Median body masses (as a measure of body size) of avian assemblages
were calculated for quarter-degree grid cells across South Africa and Lesotho. The
relationship between median body mass and four environmental variables (minimum
and maximum monthly temperatures, precipitation and seasonality in the normalized
difference vegetation index, as a measure of seasonality in productivity) was examined
using general linear models first without taking spatial autocorrelation into account,
and then accounting for it by fitting an exponential spatial covariance structure.
Model fit was assessed using the Akaike information criterion and Akaike weights.
At each species richness value, random assemblages were sampled by either drawing
species randomly from the regional body mass frequency distribution, or drawing
species from the regional body mass frequency distribution with a probability
proportional to their geographical distribution in the area. The ability of randomizations




Seasonality in productivity was the only environmental variable that
remained a significant predictor of body mass variation in spatially explicit models,
though the positive relationship was weak. When species richness was included in the
models it remained the only significant predictor of size variation. Randomizations




Environmental models that have previously been proposed
explain little of the variation in body mass across avian assemblages in South Africa.
However, much of the variation in the median mass of assemblages could be predicted
by randomly drawing species from the regional body mass frequency distribution,
particularly using randomizations in which all species were drawn from the regional
body mass frequency distribution with equal probability and at high species richness
values. This outcome emphasizes the need to consider null expectations in investigations
of the geographical variation in body size together with the probable environmental
mechanisms underlying spatial variation in average size. Moreover, it suggests that in the
South African avifauna, spatial variation in the body sizes of assemblages may be deter-
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In macroecology, body size variation amongst species assemblages
has traditionally been investigated from two perspectives: body
size frequency distributions (BSFDs) and geographical variation
in body size. At large geographical scales, BSFDs of terrestrial
vertebrates, and probably of many other groups, tend to be right
log-skewed (Brown & Nicoletto, 1991; Gaston & Blackburn,
2000): smaller species are much more frequent than larger ones,





owski & Gawelczyk, 2002), and at smaller
spatial scales (Gaston & Blackburn, 2000), BSFDs are more
variable, ranging in the latter case from right-skewed to lognormal
and from unimodal to multimodal. Whilst BSFDs of some local
assemblages can be well predicted by a random draw from the
regional body size distribution, in other local assemblages they
are less right-skewed than expected on this basis (Brown &
Nicoletto, 1991; Arita & Figueroa, 1999; Bakker & Kelt, 2000).
Potentially linked to this variability in local BSFDs, systematic
geographical variation in the body size of species assemblages is









, 2008). Foremost, this has
been done in the context of Bergmann’s rule, or the increase of




, 1999; Meiri & Dayan,
2003). Bergmann (1847) suggested that animals were larger at
high latitudes to prevent heat loss in these cold areas (heat
conservation hypothesis). Several alternative biological hypotheses
have subsequently also been proposed, including that: small size
is favoured in hot, humid environments to facilitate evaporative
cooling (evaporative cooling hypothesis, James, 1970); more
large species have managed to colonize areas that were previously
glaciated/inaccessible because they have better dispersal capabilities
over greater distances (glaciation hypothesis, Blackburn &
Hawkins, 2004); and large body size confers starvation resistance
in environments that experience seasonal resource shortages
(starvation resistance hypothesis, Lindstedt & Boyce, 1985).
Given suggestions that pattern should be separated from process





1999), many studies have recently adopted such an approach.
First, a pattern is examined, often from a latitudinal perspective
(e.g. McNab, 1971; Blackburn & Gaston, 1996), or, especially
more recently, in two spatial dimensions (e.g. James, 1970;
Blackburn & Hawkins, 2004). Thereafter, if spatial variation is
significant (Blackburn & Gaston, 2006), which typically means
an increase of body size with latitude, the mechanisms underlying
such variation are investigated. Usually, the percentage variation
in body size explained by one or more environmental variables
that relate to the hypotheses being tested is determined using
either univariate methods (Blackburn & Gaston, 1996; Blackburn









2006) or a model-selection process, such as a minimum adequate









, 2006). The variables
explaining most of the variation are then assumed to be
indicators of the primary mechanism underlying the pattern
observed.
However, little has been done to assess how much of the
geographical variation in local body size is explained by sampling
from the regional BSFD (see Meiri & Thomas, 2007). If BSFDs
of local assemblages represent a random sample of a regional
frequency distribution, then geographical variation in body sizes
of assemblages might be a consequence of the determinants of
spatial variation in species richness rather than direct influences




. Although such a sampling effect has been





2006), it has been suggested that variation in biological traits
such as body size should be well predicted by random sampling,





, 2006; Holt, 2006; Scheffer & van
Nes, 2006). Moreover, as local richness increases and approaches
that of the region, possible values for body size become increasingly
constrained by the shape of the regional BSFD (Cardillo, 2002).
If this is not taken into consideration when examining the extent
to which variation in parameters such as mean body size can be
predicted by environmental predictors, relationships between
size and the environment may be detected merely as a feature of
a relationship between the environment and species richness.
Indeed, much of the variation in species richness is typically
explained by the very same environmental variables that are














In this paper we assess how much of the geographical variation
in local body size is explained by sampling from the regional
BSFD using the South African avifauna as a test case and body
mass as a surrogate for size (acknowledging that mass varies
within species for a variety of reasons; Gaston & Blackburn,
2000). Although regional-scale spatial variability of many aspects


















body size has received little attention. The South African
avifauna constitutes an interesting basis for a study for several
reasons. First, the country supports over 700 bird species, the
body masses of which vary greatly (ranging from 5.9 to 68,700 g).
Second, the recent distributions of birds in the region have been




, 1997). Third, climatic conditions vary greatly across South






Adult body masses (in grams) were obtained for all South





 (2005), and used as a measure of bird body
size. Where mean male and mean female body masses of a species
were available, their arithmetic mean was used. Otherwise the
mean of unsexed individuals was used. If the mean mass of one
sex was obtained from fewer than 10 individuals, and a mean
from a large sample mass of unsexed individuals was given, the
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different locations and/or seasons were given, their arithmetic
mean was used. If only a range of masses was provided, the
mid-point of the range was used instead of the mean. For species
whose masses were unavailable or unreliable (e.g. small sample











The distributions of bird species across the region were taken
from the Southern African Bird Atlas Project (SABAP), which





, 1997). The atlas was generated
using reporting cards from observers who recorded all birds seen
in a QDS per month. Only those QDSs with 50% or more of their
surface area in South Africa and/or Lesotho were considered in
this study. QDSs with a reporting rate (i.e. the number of
observer record cards submitted per grid cell) of less than 11
were also discarded because they were considered inadequately
sampled for the present purposes. The mid-points of QDSs used

































 E. Species richness of QDSs
ranged from 35 to 403. The overall body mass frequency distribu-
tion of the birds that were recorded in the QDSs included in the




used to test for normality. The median body mass was then
determined separately for the bird assemblages of each QDS.
Body size distributions are typically skewed, therefore median
body size is a more appropriate measure for analysing body size
data of assemblages than the mean (Meiri & Thomas, 2007).
Because the environmental mechanisms typically thought to
underlie spatial variation in mass are usually tested by examining
relationships with temperature, water availability and primary
productivity, we also did so here using temperature, rainfall and
normalized difference vegetation indices (NDVI). Maximum
(MAXMO) and minimum (MINMO) monthly temperatures of
the hottest and coldest months of the year, respectively, and
mean annual precipitation (PPT) data were obtained from
Schulze (1997; see also Appendix S1 in Supplementary Material).
Absolute differences between the mean January and mean July




NDVI), a measure of
the seasonality of primary productivity, were calculated from
1982–99 data provided by African Real Time Environmental
Monitoring using the Meteorological Satellites programme
(Artemis) of the Food and Agriculture Organization (FAO; see
http://metart.fao.org/default.htm). Because the only glaciation
South Africa has experienced since the start of the Quaternary
encompasses a very restricted area (the Drakensberg; Young &
Hastenrath, 1991), no variables for glaciation were included.
The square of all predictors were included in models to detect
curvilinear relationships.
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, SAS 9.1) were constructed
to determine whether any relationship exists between avian
median body mass in QDSs and latitude, longitude and the
interaction between the two, and what form such a relationship
would take. The combination of the nine spatial terms of a
third-order polynomial (capable of detecting linear relationships





sought that best described variability in median mass. Model fit
was determined using the Akaike information criterion (AIC;
Burnham & Anderson, 1998). Note that the polynomial approach
was not used to take spatial autocorrelation into account, but
merely to identify the nature and form of spatial variation in
the data.
A similar procedure was followed to determine how well the
environmental variables explain variation in median body mass.
Models with all combinations of the four environmental pre-
dictors and their squared terms were constructed, and that with





, 2003). Given that species richness
was important in determining the median body mass of QDSs
(see below) a further set of models was constructed. All possible
combinations of environmental variables and their squares were
once again included in the models as well as species richness and
its squared term.
Spatial autocorrelation may systematically invalidate the
assumption of independent errors, potentially distorting model














environmental models that fit a spatial covariance matrix to the
data and use this to adjust test statistics accordingly. Our spatial
models assumed an exponential spatial covariance structure as,
for each response variable, this gave a better fit to the null model
than five alternative covariance structures (Gaussian, log,
log-linear, power, spatial). Although non-spatial and spatial
models are presented for comparative purposes, only the results
from the spatial models are discussed. Note that coefficients




models (and the coefficients of determination from non-spatial
models must be used as an approximation). Model fit was
determined using the AIC and Akaike weights.
Migrants have been found to respond more weakly to environ-
mental conditions than sedentary species (Meiri & Dayan, 2003).
Analyses were therefore repeated with migrant and vagrant
species removed from the data set. This had little effect on the
outcome of the statistical models (compare Table 1 and see
Appendix S2). If migrant species had obscured the association
between body mass and environmental variables, the percentage
variance explained by environmental models would have been
greater after the removal of migrants. However, the opposite was
true: the percentage variance explained declined (though only
slightly) in most cases. The data set without migrants was thus




Null models were used to determine how bird assemblages in
QDSs differ from random expectation. Random assemblages
were generated to predict median body masses of QDSs with
different species richness values given the regional BSFD.
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software version 2.3.1 (R Development Core Team, 2006). For
each such value, 1000 random assemblages were created from the
regional body mass frequency distribution (which comprised all
species present in the QDSs used for this study). These
‘unweighted randomizations’ assume that all species in the region
have an equal probability of occurring in a local assemblage.
A second set of random assemblages, henceforth referred to as
‘range-weighted randomizations’, was also generated in which
species were selected with a probability proportional to their
geographical distribution in the region (Gotelli, 2000), i.e. the
number of QDSs in which a given species was recorded (‘partial
range mass’, Blackburn & Gaston, 1996), rather than their entire
distribution. Blackburn and Gaston (2001) found that such rand-
omizations were the best predictors of several body mass statistics
of a deciduous woodland bird assemblage in Britain.
Each QDS was classified according to whether the median
body mass of the avian assemblage was smaller or larger than that
generated for the same species richness from the random
sampling of the regional species pool. To determine whether the
Table 1 Best-fit models [those with the lowest Akaike information criterion (AIC) values and largest AIC weights] of the relationship between 
median avian log10 body mass in quarter-degree squares and various predictors. In (a), results of general linear models (GLMs) containing only 
either latitude or longitude as predictor, and the best subset model of a third-order polynomial of latitude and longitude is shown. In (b)–(d), 
results from non-spatial GLMs and spatial models with exponential covariance structure [Spatial (Exp)] are shown. (b) The best-fit model from 
models with all combinations of environmental variables; in (c) only species richness was included in the model. (d) As (b), except species 
richness was included as a covariate in all models.





(a) Latitude and longitude
GLM Lat (F1,1296 = 41.30**) −2288.9 3.09%
GLM Long (F1,1296 = 61.09**) −2307.5 4.50%
GLM Lat (F1,1290 = 43.7**), Long (F1,1290 = 83.3***), 
Lat2 (F1,1290 = 52.71**), Lat*Long (F1,1290 = 52.55***), 
Long2 (F1,1290 = 44.09**), Lat
2*Long (F1,1290 = 62.74***), 
Long3 (F1,1290 = 44.64***)
−2375.7 (0.688) 15.50%
(b) Environmental variables
GLM ΔNDVI2 (F1,1294 = 47.99**), PPT (F1,1294 = 114.47**), 
PPT2 (F1,1294 = 102.28***)
−2465.3 (0.473) 18.03%
Spatial (Exp) ΔNDVI (F1,1295 = 6.7*), ΔNDVI2 (F1,1295 = 0.07 n.s.) −2931.8 (0.530) n.a.
(c) Species richness
GLM SppRich (F1,1295 = 134.22**), SppRich
2 (F1,1295 = 78.31***) −2469.7 17.87%
Spatial (Exp) SppRich (F1,1295 = 110.46**), SppRich
2 (F1,1295 = 48.09***) −3110.1 n.a.
(d) Environmental variables + species richness
GLM ΔNDVI2 (F1,1291 = 68.03**), MAXMO (F1,1291 = 18.30**), 
MINMO (F1,1291 = 31.41***), MINMO
2 (F1,1291 = 21.82**), 
SppRich (F1,1291 = 127.41**), SppRich
2 (F1,1291 = 77.02***)
−2530.9 (0.465) 23.91%
Spatial (Exp) ΔNDVI2 (F1,1294 = 1.63 n.s.), SppRich (F1,1294 = 108.14**), 
SppRich2 (F1,1294 = 47.35***)
−3112.9 (0.430) n.a.
Note: Models were selected on account of model fit as indicated by the AIC; lower AIC values, which result in higher AIC weights, indicate a better fit.
Lat, latitude; Long, longitude; ΔNDVI, the absolute difference between January and July normalized difference vegetation index; MAXMO and 
MINMO, maximum and minimum monthly temperatures of the hottest and coldest months of the year, respectively; PPT, annual precipitation; 
SppRich, species richness; n.a., not applicable.
n.s., not significant; *P < 0.01, positive effect; **P < 0.0001, positive effect; ***P < 0.0001, negative effect.
Figure 1 Frequency distribution of log10 body mass of the birds of 
South Africa and Lesotho (686 species, excluding seabirds).
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degree to which random values predicted real values changed
with species richness, QDSs were then assigned to categories
according to their richness values; each category contained 20
species richness values (30–49, 50–69, ... , 390–409). Two-tailed
Fisher exact tests (Siegel, 1956) were conducted to determine
whether the proportion of QDSs with median masses smaller
and larger than the median of the randomizations were equal
in each species richness category. Richness categories 30–49,
Figure 2 Median log10 body mass (a) and species richness (b) of bird assemblages (without seabirds) in South Africa and Lesotho in quarter-
degree squares with a reporting rate greater than 10.
Figure 3 Median of log10 body mass of birds in South African quarter-degree grid cells (grey) and in random assemblages (black) at different 
species richness values. (a) For each random assemblage, species were randomly selected without replacement from the pool of South African 
species. (b) For each random assemblage, species were randomly selected without replacement from the pool of South African species with a 
probability proportional to the extent of the geographical distribution of the species.
Spatial variation in avian body mass
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370–389 and 390–409 contained few (three or four) grid cells,
and thus such tests were not conducted for these. When performing
multiple statistical tests, the likelihood of type I errors is inflated
(García, 2004). Therefore, step-up false discovery rates (FDR;
Benjamini & Hochberg, 1995) were applied to the P-values from
the Fisher exact tests. QDSs with median mass values which fell
outside 95% of the random mass values for the respective species
richness value were also assigned to species richness categories
and plotted against species richness.
RESULTS
The BSFD of South African birds is right-log skewed (skewness =
0.8291, Shapiro–Wilk’s W = 0.94, P < 0.0001), with the highest
number of species occurring in small, but not the smallest, mass
categories (Fig. 1).
Although a weak, positive latitudinal body mass gradient
exists (Fig. 2, Table 1a), longitude explained a similarly small
proportion of the variation in median body mass. Moreover, the
best-fit model included substantial spatial complexity as
indicated by the retention of several terms from the third-order
polynomial equation for latitude and longitude (Table 1a).
Median body masses are especially large in the north-east of the
country in the savanna biome, in the central north-eastern areas
of the country in the grassland biome (areas of which support the
highest human population densities in the country, Chown et al.,
2003), and in the south-western Cape in the fynbos biome. In the
semi-arid Kalahari and Karoo median masses tend to be small.
Because environmental variables show strong spatial auto-
correlation, results from the spatial models will mainly be con-
sidered here. Where model selection procedures alone were used
to ascertain how environmental variables explain geographical
variation in median body mass, as is done in most such studies
(Blackburn & Gaston, 1996; Blackburn & Hawkins, 2004; Olalla-
Tárraga et al., 2006), some of the variation in median body mass
of the complete data set could be explained by environmental
factors (Table 1). Although all predictors covaried (see Appendix
S3), tolerance values (Quinn & Keough, 2002) always exceeded
0.4 (results not shown), indicating that all predictors could be
included in the models. Τhe only significant (positive, linear)
predictor of median body mass was ΔNDVI (Table 1b). However,
species richness, which was related to median body mass by a
quadratic relationship, alone explained almost as much of the
variation as the best-fit environmental model (Table 1c). If species
richness was included as a predictor in the environmental
models, model fit increased, and, in the environmental model
controlling for space, richness remained the only significant
predictor of median body mass (Table 1d).
For a given species richness value, median body masses of
actual assemblages were similar to those of the assemblages
Table 2 Number of quarter-degree squares with median avian 
body mass smaller:larger than expected from 1000 unweighted 
randomizations and 1000 randomizations weighted by species range 
masses (see text for details) conducted for each species richness 
value. Grid cells were grouped into species richness categories. 
Two-tailed Fisher exact tests were performed to determine whether 
the proportion of grid cells with the ratio smaller:larger mass was 
significantly different from 1:1.

















*P < 0.05, **P < 0.01, ***P < 0.001.
†Values that were not significant after controlling for false discovery rate.
Figure 4 Proportion of quarter-degree squares with median masses larger (•) and smaller (Δ) than 95% of the median masses of (a) unweighted 
and (b) weighted randomizations (see text).
M. Greve et al.
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generated by random draw (Fig. 3). If the median body masses of
QDSs with different species richness were overlaid on the median
masses from both weighted (Fig. 3a) and unweighted (Fig. 3b)
randomizations, much of the variation seemed to be explained
by random sampling alone. Only at low species richness was the
median mass of the assemblages consistently smaller than that
typically found in the randomizations. Thus, at low richness
values, more QDSs had median mass values significantly lower
than expected from random, although this was somewhat more
pronounced for unweighted randomizations (Table 2, Fig. 4).
At higher richness, unweighted randomizations predicted real
median body mass in South African QDSs better than did
weighted randomizations. Although the proportion of species
larger and smaller than the median of all median sizes did not
differ from that of unweighted randomizations at higher richness
(Table 2), several QDSs had median masses outside (and larger
than) the 95% confidence intervals (Fig. 4b). Many of these
QDSs possess a high percentage of large water bodies and/or
protected areas.
DISCUSSION
The body mass frequency distribution of the birds of South
Africa and Lesotho is strongly right-skewed, as has been shown
for various regional assemblages and taxa (Brown & Nicoletto,
1991; Bakker & Kelt, 2000; Gaston & Blackburn, 2000) and for
the global avifauna (Blackburn & Gaston, 1994). This suggests
that the mechanisms generating right-skewed BSFDs elsewhere
may also be operating here. Compared with the global avian
BSFD (Blackburn & Gaston, 1994), birds in the smallest mass
classes (e.g. hummingbirds) are missing from South Africa, while
the upper limits of the South African and global avian BSFDs are
identical owing to the presence of ostrich in both data sets. The
median mass of South African birds (53.45 g) is somewhat
higher than that of the global avifauna (37.6 g, Blackburn &
Gaston, 1994).
If, as in most studies, only the relationship between the
geographical variation in body mass and possible positional and
environmental predictors of median body mass are considered
for the South African avifauna, several patterns are observed.
First, neither a marked latitudinal nor longitudinal body mass
cline exists (though a study over a larger spatial extent might
have revealed a stronger latitudinal gradient). Second, median
body mass is not randomly distributed across the landscape –
patches of assemblages with similar median masses exist. Given
features of South Africa’s topography that interrupt latitudinal
and longitudinal climatic gradients (Schulze, 1997), this is not
unexpected. In addition, median body masses of adjacent QDSs
in this study are not independent – overlap in the ranges of species,
but also populations and individual birds, will exist between
adjacent QDSs, which may further promote spatial autocorrelation
(Diniz-Filho et al., 2003).
Despite the virtual absence of a latitudinal or longitudinal
body mass cline, environmental variables alone do explain some
variability in body mass, suggesting that the mechanisms driving
latitudinal body mass clines elsewhere (Blackburn & Gaston,
1996; Blackburn & Hawkins, 2004; Olalla-Tárraga et al., 2006;
Rodríguez et al., 2006) could be affecting body mass patterns of
South African avifaunal assemblages. However, the variance
explained by the environmental models is not high (r2 < 20%),
particularly when compared with several empirical studies of
Bergmann’s rule in vertebrate assemblages (Blackburn & Gaston,
1996; Blackburn & Hawkins, 2004; Olalla-Tárraga et al., 2006;
Rodríguez et al., 2006; though see Olalla-Tárraga et al., 2006, and
Rodríguez et al., 2006, for exceptions). Nevertheless, of the
environmental variables considered in this study, seasonality
in NDVI alone was a predictor of median body mass in both
non-spatial and spatial models: median size increased with
seasonality in NDVI. This is consistent with the starvation
resistance hypothesis, which predicts that mass increases in more
variable environments, allowing larger animals to better survive
periods of resource shortage because of their ability to store greater
quantities of fat per unit body mass (Lindstedt & Boyce, 1985).
Although it has been suggested that small animals should be able
to survive seasonally unfavourable periods, due to their ability to
exploit microclimates or employ physiological compensatory
mechanisms such as torpor (Dunbrack & Ramsay, 1993),
this mechanism does not appear to be operating within the
avifauna of South Africa (McKechnie & Lovegrove, 2001; Hockey
et al., 2005).
By contrast, temperature has been shown to be an important
predictor of body mass in several studies (Blackburn & Gaston,
1996; Blackburn & Hawkins, 2004; Rodríguez et al., 2006), but
explained little of the variation here. In a study of European
mammals it was found that temperature was an important
predictor of body mass in the cold northern areas of the region,
but that this relationship virtually disappeared above a certain
temperature threshold (Rodríguez et al., 2006). If the nonlinear
temperature–body mass relationship proposed by Rodríguez
et al. (2006) is more general, then the absence of a clear relation-
ship with temperature here is probably the result of the higher
overall temperatures in South Africa.
In assemblage-level investigations of Bergmann’s rule, only
the relationship between body mass and some environmental
predictor(s) associated with a mechanism that could generate
body mass clines is typically investigated. Few studies have
considered the contribution of random sampling from a regional
species pool on variation in body masses (see Rodríguez et al.,
2006; Meiri & Thomas, 2007). As we have just shown, results
from the model selection procedures can be used to hypothesize
what environmental mechanisms might be responsible for
the geographical variation of body mass in avian assemblages.
However, the correspondence between real and random median
masses seen here indicates that much of the variation in body
masses can be predicted by random sampling from the regional
BSFD. Null models have increasingly been used to ascertain how
closely community characteristics correspond to what would
be expected from randomizations from a known or imagined
distribution (Gotelli & Graves, 1996; see also Blackburn &
Gaston, 2001; Cardillo, 2002).
Why are these patterns observed? At high species richness, the
richness of local assemblages approaches that of the regional
Spatial variation in avian body mass
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pool of bird species, where both the smallest and the largest
species are present, and assemblages can only possess a narrow
range of median body mass values. Some high-richness QDSs
(typically fewer than 30% of the total number for a given range of
richness values) did possess higher median body masses than
expected from random. These high median mass assemblages
were often found in QDSs with many water bodies, and it is well
known that the median mass of water birds is higher than that of
terrestrial species both globally and in South Africa (Blackburn &
Gaston, 1994; Hockey et al., 2005). Repeating the randomizations
after the removal of water birds from the data set resulted in even
fewer assemblages with higher than expected median masses
(results not shown). However, a few QDSs (now fewer than 10%)
still showed higher than expected median masses and these
were typically associated with the Kruger National Park and
surrounding areas in the north-eastern region of the country.
The protected area is known to include populations of large-bodied
species (such as kori bustard, saddlebilled stork, ground hornbill
and bateleur) that are less common outside its borders (see also
Evans et al. 2006b). However, not all cells with higher than
expected medians were protected, suggesting that conservation
may not be the only factor influencing larger than expected
median masses.
At lower richness, median masses can take on a greater range
of values (Fig. 3) However, in the lowest-richness areas, low
absolute resource availability and quality may favour small
species, because they possess low absolute energy requirements
(Currie & Fritz, 1993; McKechnie & Wolf, 2004). This might
explain why median mass values were frequently lower than
expected from either the weighted or unweighted random draws.
Why the median body masses of assemblages at intermediate
richness values were so commonly similar to those of assemblages
drawn at random is more difficult to explain. It may well be that
the range of possible median body mass values from the regional
pool is broad enough to incorporate values found in local
assemblages because ultimately local assemblages are concatenated
to form the regional pool of species. The effect of this interaction
between local and regional assemblages on size requires more
exploration. For example, although environmental factors do
not seem to affect body size patterns across South Africa directly
in a pronounced manner, their effect on median assemblage
body mass might be indirect. Species richness variation is
strongly related to variation in productivity (van Rensburg et al.,
2002), and randomly sampling to a given species richness value
frequently results in a median mass indistinguishable from that
found empirically for the same richness value. In consequence,
environmental factors may be affecting body size patterns
indirectly through their effect on richness.
It is noteworthy that unweighted randomizations predicted
assemblage body mass relatively effectively at higher richness.
Elsewhere, similar outcomes have been documented. Rodríguez
et al. (2006) established that mean body mass values of
southern European mammals could be predicted accurately
by unweighted randomizations, although mean sizes in most
parts of lower-richness Scandinavia were significantly different
to random expectation. However, by contrast with the South
African avifauna, the mammals were larger than expected at
random. Rodríguez et al. (2006) suggested that a latitudinal
body size cline might only be evident below a certain temperature
threshold; above such a threshold temperature has little effect on
assemblage body size. South Africa’s temperatures do not reach
the extreme lows that Scandinavian temperatures do (Schulze
1997) – which might account for the differences between the
studies. Cardillo (2002) also found that various body mass statistics
of seven of nine New World assemblages could be predicted with
unweighted randomizations. By contrast Blackburn and Gaston
(2001), who compared the ability of weighted and unweighted
randomizations to predict various statistics of an avian assem-
blage in Britain, found that weighted randomizations were better
predictors of most statistics, including mean body mass. The
species richness of this community was relatively low (n = 45),
and, as in most low-richness assemblages in this study, its mean
body mass was significantly lower than predicted from unweighted
randomizations.
In conclusion, this work has provided support for the general
pattern of log right-skewed body mass frequency distributions at
regional scales. Moreover, it has shown that the factors which
give rise to the regional BSFD (see Gaston & Blackburn, 2000)
play a primary role in generating patterns of geographical
variation in mass. In consequence, this study demonstrates that
future investigations of geographical variation in the size
patterns of assemblages should take stochastic processes into
account before attributing variation entirely to deterministic
responses to environmental variation (see also Meiri & Thomas,
2007). Of course, such an approach will not be required for
investigations of intraspecific spatial variation in body size.
However, it must be borne in mind that all interspecific patterns
of body size variation must by definition include the often rather
variable intraspecific patterns of geographical size variation of
the widely distributed species of any assemblage (Gaston et al.,
2008).
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